Introduction
============

Ovarian cancer is the most lethal gynecologic malignancy. Owing to the asymptomatic nature of the disease, more than half of the patients are diagnosed at an advanced stage, resulting in poor prognosis. In 2012, approximately 239,000 women were diagnosed with ovarian cancer worldwide, and 152,000 died of the disease \[[@B1]\]. Among ovarian cancers, carcinosarcoma is a rare histology comprising 1% to 2% of ovarian malignancies, although it is among the most aggressive \[[@B2][@B3]\]. Carcinosarcoma, which was previously known as malignant mixed Müllerian tumor, is composed of carcinomatous and sarcomatous elements. Although the pathogenesis of carcinosarcoma is not yet understood, carcinosarcomas are considered metaplastic epithelial carcinomas because most such diseases are of a monoclonal origin \[[@B4]\]. Despite this, the roles of these tumors\' sarcomatous elements remain poorly understood. Carcinosarcomas are categorized into homologous and heterologous subtypes based on these sarcomatous elements \[[@B5]\]. The homologous subtype comprises native ovarian tissue consisting of endometrial stromal sarcoma, fibrosarcoma, or leiomyosarcoma. Heterologous elements are tissues that are non-native to the ovary and include cartilage, bone, adipose tissue and smooth or striated muscles. The carcinomatous component is usually serous, endometrioid, clear cell, or squamous cell carcinoma.

Carcinosarcoma of the ovary is considered a disease of poor prognosis compared to serous ovarian cancer; the 5-year survival rates of ovarian carcinosarcoma and serous ovarian cancer are reported to be 28.2% and 38.4%, respectively \[[@B6]\]. However, most investigations of ovarian carcinosarcoma have been through case reports or case series, and the prognostic factors for this tumor type remain unclear because of its rarity. Therefore, this study aimed to evaluate the outcomes and prognostic factors in a cohort of patients with ovarian carcinosarcoma.

Materials and methods
=====================

All patients with histologically confirmed ovarian carcinosarcoma who were treated at Cheil General Hospital and Women\'s Healthcare Center between January 2000 and December 2015 were identified. Clinicopathological parameters were extracted from medical and pathology records, which included the following information: age at diagnosis, clinical symptoms, extension of surgery, residual disease, stage, histopathological subtype, adjuvant chemotherapy (number of cycle, regimen), and disease-free and overall survival. Statistical analysis was performed to determine correlation between clinicopathological parameters and survival outcomes.

All patients were staged according to the International Federation of Gynecology and Obstetrics (FIGO) classification based on surgical findings. The histopathological diagnoses were confirmed by a pathologist. All surgeries and chemotherapies were performed by specialists in gynecologic oncology. The surgical procedure was considered complete when it included, at a minimum, a total hysterectomy, bilateral salpingo-oophorectomy, pelvic lymph node dissection, para-aortic lymph node dissection, omentectomy, peritoneal fluid cytology. All other combinations were considered incomplete surgeries. The role of aortic and pelvic lymphadenectomy in patients with advanced ovarian cancer is unclear and has not been addressed by randomized studies \[[@B7]\]. Specifically, in patients with enlarged node on inaccessible location or severe adhesion with vessels, we did not perform lymph node dissection, but did debulking surgery of cancer mass.

Disease-free survival was defined as the time between the last day of first-line chemotherapy administration and the appearance of local recurrence or distant metastases. Patients were followed up every 3 and 6 months during the first 2 years and following 3 years, respectively, using laboratory test including tumor markers and imaging studies. Overall survival was defined as the time from the date of surgery to the date of death or the date of the last follow-up at the outpatient department. Survival curves were estimated using the Kaplan-Meier method and compared using the log-rank test. Statistical significance was set at *P*\<0.05. The Cox regression model was used to determine the correlations between clinicopathological parameters and survival outcomes. The statistical analyses were performed using the IBM SPSS ver. 20.0 (IBM Co., Armonk, NY, USA).

Results
=======

1. Patients\' characteristics
-----------------------------

Of the 822 patients over 16 years who were diagnosed with ovarian cancer, 11 (1.3%) had ovarian carcinosarcoma histology. The median patient age was 52 years (range, 42 to 73 years). Six and five patients were postmenopausal (54.5%) and premenopausal (45.5%), respectively. Abdominal distension was the most common symptom and abdominal distention, urinary frequency also noted although 4 patients were asymptomatic. Patient characteristics are shown in [Table 1](#T1){ref-type="table"}.

2. Treatment
------------

Every patient underwent surgery as initial treatment. Complete surgery was performed in 8 cases (72.7%) including previous hysterectomy due to benign disease; 3 patients (27.3%) underwent incomplete cytoreductive surgery.

The surgical data observed during surgery are shown in [Table 2](#T2){ref-type="table"}. Only 18.1% of cases were early stage (I or II), while 81.8% were advanced stage (III or IV) according to the FIGO classification ([Table 1](#T1){ref-type="table"}). Pathology results showed that the homologous subtype was observed in 6 patients (54.5%) and the heterologous subtype in 5 patients (45.5%) ([Table 1](#T1){ref-type="table"}). Spindle cell sarcoma (n=5) and fibrosarcoma (n=1) were observed in patients with the homologous subtype, while chondrosarcoma (n=3), osteosarcoma (n=1), and cartilage (n=1) were found in those with the heterologous subtype. For the carcinomatous component, serous carcinoma (n=8), endometrioid carcinoma (n=1), mucinous carcinoma (n=1), and poorly differentiated carcinoma (n=1) were observed.

All of the patients received postoperative intravenous adjuvant chemotherapy. The chemotherapy regimen consisted of a platinum-based combination with paclitaxel, ifosfamide, cyclophosphamide, or adriamycin.

3. Response and outcome
-----------------------

The median survival for all patients was 33 months. The 5-year survival rate was 18.1%; 6 patients were still receiving follow-up at the time of this writing. After the first-line chemotherapy, 7 patients experienced a relapse of the disease (63.6%), and one of them died of disease. Five patients underwent second-line chemotherapy, and one received third-line chemotherapy. There were no significant differences between the homologous and heterologous subtype groups in terms of age and the mean number of chemotherapy cycles (8.5±4.0 vs. 7.0±5.3 cycles, mean±standard deviation, respectively).

There was no statistical difference in survival according to stage (*P*=0.24) and menopausal status (*P*=0.87). However, the homologous subtype was associated with better disease-free survival (*P*=0.02) and overall survival (*P*=0.02) than the heterologous subtype ([Table 3](#T3){ref-type="table"}, [Fig. 1](#F1){ref-type="fig"}). The presence of residual disease was associated with poorer disease-free survival (*P*=0.04) and overall survival (*P*=0.04) ([Fig. 2](#F2){ref-type="fig"}). On multivariate analysis, the Cox regression model using the forward step-wise method showed that histological subtype was an independent prognostic factor (*P*=0.02), but residual disease was not (*P*=0.36).

Discussion
==========

Primary ovarian carcinosarcoma is a rare disease. We found that carcinosarcomas represent only 1.3% of the total number of ovarian cancer patients treated at our institution over a 16-year period, which is a similar rate to that previously reported \[[@B8]\]. The prognostic factors of ovarian carcinosarcoma are not yet well established because of the rarity of this disease. Some possible factors such as age and menopausal status have been proposed \[[@B5][@B9]\]; however, these were not found to be associated with disease prognosis in the current study. The median age (53 years) in our study was younger than that in previous studies, which might have influenced our result \[[@B10][@B11]\]. Moreover, carcinosarcoma of the ovary occurred in both postmenopausal and premenopausal women, although there was no significant difference in survival according to menopausal status.

The prognostic significance of the FIGO stage for carcinosarcoma has been previously demonstrated \[[@B11][@B12]\], as was the survival advantage for patients with early-stage disease. However, at the time of primary treatment, patients with ovarian carcinosarcoma usually present with advanced-stage disease. In this study, only 18.1% of patients were diagnosed at an early stage while 81.8% were at an advanced stage, which is consistent with previous studies. However, it was impossible to determine the prognostic value of disease stage in this study because of the low statistical power due to the small number of early-stage cases.

It is well known that optimal cytoreductive surgery is associated with improved survival in ovarian carcinosarcoma patients \[[@B13]\]. Consistent with this, our study also showed that patients who underwent optimal cytoreduction without gross residual disease tended to exhibit better disease-free and overall survival times than those with residual disease after surgery.

The prognostic value of the histological subtype is controversial. Several previous studies showed that the type of the sarcomatous element (i.e., heterologous vs. homologous) is a prognostic factor \[[@B14][@B15][@B16]\]. Furthermore, a previous study showed that progression of ovarian carcinosarcoma was associated with epithelial-to-mesenchymal transition. Upon recurrence, the metastatic lesion exhibited a greater proportion of sarcomatous elements than the primary debulked lesion \[[@B17]\]. Based on these results, we hypothesized that the carcinomatous components initiate tumorigenesis while the sarcomatous components drive disease progression. In our study, the sarcomatous component was a significant predictor of disease recurrence and survival time; all early-stage patients showed homologous sarcomatous components, who in turn showed more favorable disease-free and overall survival times. Taken together, these data indicated that histologic subtype and residual disease after surgery both affect survival. However, histologic subtype was the exclusive independent prognostic factor in this study.

Owing to the rarity of this type of cancer, the most effective chemotherapy regimen has not yet been determined. Since the combination of paclitaxel and carboplatin is an effective regimen for epithelial ovarian cancer; this regimen may also be of benefit for the treatment of ovarian carcinosarcomas after cytoreductive surgery \[[@B16][@B18][@B19]\]. In our study, 7 patients received a paclitaxel and platinum combination regimen as first-line chemotherapy; their median disease-free and overall survival times were 26.5 and 33 months, respectively. In contrast, 2 patients who received an ifosfamide and platinum combination regimen achieved 52.5 and 52.5 months of median disease-free and overall survival times, respectively. However, the small number of patients limited our ability to discover better regimens for the treatment of this disease.

Ovarian carcinosarcoma is a rare malignancy and has an aggressive clinical course. Nonetheless, optimal cytoreduction without gross residual disease and a homologous subtype are favorable prognostic factors in terms of disease relapse and survival. In this study, we strove to clarify the prognostic factors of this disease with a larger group of patients than previously published, although our cohort was still relatively small given the rarity of the disease. Future studies that explore additional prognostic factors and novel treatment agents in even larger cohorts are warranted.
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###### Characteristics of patients with ovarian carcinosarcoma
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  Characteristics        Value
  ---------------------- -------------
  Median age (yr)        52 (42--73)
  Menopause status       
   Yes                   6 (54.5)
   No                    5 (45.5)
  Median parity          2 (0--4)
  FIGO stage             
   I                     1 (9.1)
   II                    1 (9.1)
   III                   6 (54.5)
   IV                    3 (27.3)
  Surgery                11 (100)
  Chemotherapy           11 (100)
  Histological subtype   
   Homologous            6 (54.5)
   Heterologous          5 (45.5)

Values are presented as number (range) or number (%).

FIGO, International Federation of Gynecology and Obstetrics.

###### Surgical data of patients with carcinosarcoma of the ovary
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  Patient no.   Stage   Surgical intervention                                                                                          Residual disease size (site)
  ------------- ------- -------------------------------------------------------------------------------------------------------------- --------------------------------------------
  1             IV      Omentectomy, oophorectomy, peritoneal fluid cytology                                                           ≥1 cm (intestine, omentum, liver, stomach)
  2             III     TAH, BSO, PLND, PALND, omentectomy, peritoneal fluid cytology                                                  ≥1 cm (colon)
  3             III     TAH, BSO, appendectomy, omentectomy, peritoneal fluid cytology                                                 ≥1 cm (colon, omentum, pelvic peritoneum)
  4^a)^         III     Post hysterectomy status, post appendectomy status, BSO, PLND, PALND, omentectomy, peritoneal fluid cytology   No gross residual disease
  5^a)^         IV      Post hysterectomy status, BSO, PLND, PALND, appendectomy, omentectomy peritoneal fluid cytology                \<1 cm (colon)
  6             I       Laparoscopic assisted vaginal hysterectomy, BSO, PLND, PALND, omentectomy, peritoneal fluid cytology           No gross residual disease
  7             III     TAH, BSO, PLND, PALND, appendectomy, omentectomy, peritoneal fluid cytology                                    No gross residual disease
  8             IV      TAH, BSO, PALND, appendectomy, omentectomy, peritoneal fluid cytology                                          ≥1 cm (liver)
  9             II      TAH, BSO, PLND, PALND, appendectomy, omentectomy, peritoneal fluid cytology                                    No gross residual disease
  10            III     TAH, BSO, PLND, PALND, appendectomy, omentectomy, peritoneal fluid cytology                                    No gross residual disease
  11^a)^        III     Post hysterectomy status, BSO, PLND, PALND, appendectomy, omentectomy, peritoneal fluid cytology               No gross residual disease

TAH, total abdominal hysterectomy; BSO, bilateral salpingo-oophorectomy; PLND, pelvic lymph node dissection; PALND, para-aortic lymph node dissection.

^a)^Hysterectomy was done with benign condition before staging surgery.

###### Comparison of clinical and pathologic data according to the histological subtype of ovarian carcinosarcoma
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                                           Homologous    Heterologous
  ---------------------------------------- ------------- --------------
  Total                                    6             5
  Median age (yr)                          55 (43--73)   50 (42--62)
  Stage                                                  
   I                                       1             0
   II                                      1             0
   III                                     3             3
   IV                                      1             2
  Surgery                                                
   Complete^a)^                            5             3
   Incomplete^b)^                          1             2
  First-line chemotherapy regimen                        
   Paclitaxel-carboplatin                  4             3
   Paclitaxel-carboplatin-ifosfamide       0             1
   Ifosfamide-cisplatin                    1             1
   Cyclophosphamide-adriamycin-cisplatin   1             0
  Mean survival                                          
   Disease-free survival                   49.0±41.3     12.0±19.9
   Overall survival                        66.5±41.6     20.8±20.7

Values are presented as number, number (range), or months±standard deviation.

^a)^Hysterectomy + bilateral salpingo-oophorectomy + pelvic lymph node dissection + para-aortic lymph node dissection + omentectomy + peritoneal fluid cytology; ^b)^All other combinations.
